Introduction
Myeloproliferative disorders is a group of diseases which are characterized by excessive production of cell abnormally and a persistent and progressive increase of mature cells in peripheral blood circulation arising from genetic mutations of multipotential hematopoietic stem cells and progenitor cells in bone marrow (Dameshek, 1951) . They are divided into two main groups according to existence of philadelphia (Ph) translocation, as BCR-ABL fusion gene positive and negative. While chronic myeloid leukemia (CML) is available in BCR-ABL fusion gene positive group, Polycythemia vera (PV), essential thrombocytosis (ET) and idiopathic myelofibrosis (IMF) are the BCR-ABL fusion gene-negative myeloproliferative neoplasms (Kaushansky, 2006; Barbui et al., 2011; Soriano and Heaney, 2013) . In 1951 Dameshek W defined the relationship between these three diseases and stated that their basic features were hypercellularity in bone marrow, tendency for bleeding and/or thrombosis and leukemic transformation risk even if at low risk (7-10%) , Tuna Gulten 1 , Ridvan Ali 4 , Tahsin Yakut 1 * (Kaushansky, 2006; Haferlach et al., 2008) . In the literature annual incidence for PV and ET is 1-3/100 000 while it is less often for IMF (Haferlach et al., 2008; Payandeh et al., 2011) . In 2005 showing a point mutation in Janus Kinase 2 gene (JAK2) with a high ratio in this disorder group, provided great benefit for accurate diagnosis (Scott, 2013; Soriano and Heaney, 2013) . This mutation was comprehended to occur in PV in 96% ratio while 55% in ET and 65% in IMF (Tefferi and Vainchenker, 2011) . Matrix metalloproteinases (MMPs) which have key role in regulation of extracellular matrix are assigned in various biological pathways. MMPs are a multigenic endopeptidase family degrading the extracellular matrix which are active in neutral pH (Matrisian, 1990; Ennis and Matrisian, 1994; Thorgeirsson et al., 1994; Hewitt and Dan, 1996) . They play an important role in degradation of collagen proteins as a target tissue. As well as being substantial enzymes in basic steps like organogenesis and vascularization, they are important for immune system and cancer etiology (Xiaoping and Yu, 2003) . MMPs takes part in regulation of cellular processes like differentiation, proliferation, angiogenesis and apoptosis (Egeblad and Werb, 2002; Wagenaar-Miller et al., 2004; Gentner et al., 2009 ). MMP2 gene exists in 16q13-21 region and has thirteen exons (Saeed et al., 2013) . MMP9 gene exists in 20q11region. MMP2 (Gelatinase A) and MMP9 (Gelatinase B) targets collagen type 4 basically. Collagen type 4 is fundamentally available in basal membranes. Polymorphisms for MMP2 and MMP9 genes were studied in different populations and functional polymorphisms at promoter region were identified. The MMP9-1562 C/T polymorphism was shown to exert a functional effect on gene transcription. This single nucleotide polymorphism (SNP) at -1562 bp is due to a C to T substitution (-1562C-gT), which results in the loss of binding of a nuclear protein to this region and an increase in transcriptional activity in macrophages. In these cells, the CC genotype leads to a low promoter activity whereas the CT and TT genotypes result in high transcriptional activity . Human MMP2 gene exhibits sequence variations and several functional single nucleotide polymorphisms (SNPs) in the MMP2 promoter have been described (Price et al., 2000; Harendza et al., 2003; Yu et al., 2004) . CT polymorphism located at nucleotide destroys an Sp1 binding element, with the T allele being associated with significantly diminished promoter activity. Over expression of MMP-2 has been identified in many tumors types (Sanii et al., 2012) . MMP2 -735 CC genotype was associated with an increased MMP-2 expression (Yu et al., 2004) . We aimed to investigate the potential role of polymorphisms of MMP2 gene -735 C/T and MMP9 gene -1562 C/T in pathogenesis of ET and PV.
Materials and Methods

Study patients
In this case control study 46 PV and 56 ET patients meeting the World Health Organization (WHO) criteria (Wadleigh and Tefferi, 2010 ) who applied to Uludag University Faculty of Medicine, Medical Genetics Department for JAK2V617F mutation analysis with the prediagnosis of myeloproliferative disease and whose mutations were positive and 111 controls without any myeloproliferative disease and cancer diagnosis were included between 2009 and 2013 years. Clinical and laboratory features for the patients with myeloproliferative disease diagnosis [leukocyte and thrombocyte counts, hemoglobin levels, existence of splenomegaly, vascular event history and comorbid diseases (dyslipidemia, diabetes mellitus, hypertension)] were noted. Vascular events were defined as arterial and venous thrombosis including the transient ischemic attack, ischemic stroke, acute myocardial infarction, peripheral arterial thrombosis, deep vein thrombosis and pulmonary embolism. Local ethics committee approval was obtained.
Genotyping
Peripheral blood samples of patient and control groups were taken into EDTA tubes, isolated by Dr. Zeydanlı (DZ) DNA isolation kits and preserved at -20°C. Polymerase Chain Reaction-Restriction Length Fragment Polymorphism (PCR-RFLP) process was applied to detect gene polymorphisms of MMP2 -735 C/T and MMP9-1562 C/T. F: 5'-ATAGGGTAAACCTCCCCACATT-3' and R: 5'-GGTAAAATGAGGCTGAGACCTG-3' primers were used to determine MMP2 -735 C/T gene polymorphism and F: 5'-GCCTGGCACATAGTAGGCCC-3' and R: 5'-CTTCCTAGCCAGCCGGCATC-3' primers were used to detect MMP9 -1562 C/T gene polymorphism PCR conditions were as follows: after the first denaturation for 5min at 94°C, denaturation continued for 1min at 94°C, which continued with 35 cycles of annealing for 1min at 58°C, and extension for 1min at 72°C, which ended with final extension for 10min at 72°C. The amplified PCR products for MMP2-735 C/T and MMP9 -1562 C/T the polymorphisms were 300 base pairs (bp) and 435 bp, respectively. The HinfI, and SphI restriction enzymes (New England Biolabs, USA) were used to distinguish the MMP2 -735 C/T and MMP9 -1562 C/T, respectively. All PCR products were digested overnight at 37°C and analyzed on 4% agarose gels. The MMP2 -735 C/T allele generated fragments of 254bp and 46bp; the MMP9 -1562 C/T allele generated fragments of 247bp and 188bp (Pereza et al., 2012) .
Statistical analyses
Variables were represented as median(minimummaximum) or frequancy with related percentage values. Between group comparisons were performed by using Mann Whitney test, chi-square or Fisher's exact test. P value was set at 0.050 for statistical significance. Statistical analysis were performed by using SPSSv.20 for statistical software.
Results
Ages of the myeloproliferative patients' group (ET+ PV) were between 20 and 85 and median age was 58.5; 53 (52%) of them were female while 49 (48%) of them were male. In control group who had no neoplasm history, ages distributed between 47 and 79 and median age was 55; 54 (48.60%) of them were female while 57 (51.40%) were male. Between patient and control groups, no differences were available in terms of age (p=0.054) and gender (p=0.629). Clinical features of ET and PV patients were presented in Table 1 .
Genotype distribution and allele frequencies of MMP2 -735 C/T and MMP9 -1562 C/T polymorphisms were presented in table 2 comperatively for ET, PV and control groups. Genotype distribution and allele frequencies of MMP2 -735 C/T and MMP9 -1562 C/T polymorphisms were similar between patient and control groups (p>0.050). Allele frequencies of MMP2 -735 C/T polymorphism C and T of patient and control groups were 84.38% and 15.63% and 84.80% and 15.20% respectively. As for allele frequencies of C and T of MMP9 -1562 C/T polymorphism of patient and control groups, the results were 84.80% and 15.20% and 82.27% and 17.73% respectively.
No significant differences were available in genotype distribution and allele frequencies of MMP2 -735 C/T polymorphism between ET and PV patients (p>0.050). Statistically significant differences were found in genotype DOI:http://dx.doi.org/10.7314/APJCP.2015.16.2.443 MMP2 and MMP9 Polymorphisms in JAK2V617F Positive Myeloproliferative Disorders distribution of MMP9 -1562 C/T polymorphism between ET and PV patients (p=0.031, OR=2.66, 95%Cl=1.08-6.58) while borderline significant difference was available in terms of C/T allele frequencies (p=0.051). CC genotype was found to be significantly higher in PV patients compared to ET group (p=0.031, OR=2.66, 95%Cl=1.08-6.58).
Genotype distribution and allele frequencies of MMP9 -1562 C/T polymorphism were similar between ET and control groups (p>0.050). While a borderline significant difference was observed between PV and control patients in terms of genotype distribution of MMP9 -1562 C/T polymorphism (p=0.050, OR=2.26, 95%Cl=0.99-5.16), C/T allele frequencies were similar (p>0.050). CC genotype was found to be borderline significant in PV patients compared to control group (p=0.050, OR=2.26, ).
Clinical and laboratory features of myeloproliferative patients' group with or without vascular event history were presented in Table 3 . Dyslipidemia was found significantly higher in ET and PV patients with vascular event history (p=0.023). Genotype distribution and allele frequencies of MMP2 -735 C/T and MMP9 -1562 C/T polymorphisms were similar between myeloproliferative patients' group with and without vascular event history (Table 4) . While genotype distribution and allele frequencies of MMP9 -1562 C/T polymorphisms were similar between myeloproliferative patients having hypertension and not (p>0.050), genotype distribution (p<0.050) and allele frequencies of MMP2 -735 C/T (p=0.038, OR=2.50, 95%Cl=1.13-5.56 ) differed significantly between patients with and without hypertension. CC genotype (p=0.032, OR=3.06, 95%Cl=1.20-7.83) and C allele frequency were significantly higher in patients without hypertension while CT genotype (p=0.048, OR=2.89, 95%Cl=1.11-7.49 ) and T allele frequency were significantly higher in patients with hypertension (Table 4) .
Discussion
Genotype distribution and allele frequencies of MMP2 -735 C/T and MMP9 -1562 C/T polymorphisms were similar between patient groups of ET and PV and control group. CC genotype of MMP9 -1562 C/T polymorphism was found to be borderline significant in PV patients compared to control group MMPs take part in physiological extracellular matrix modelling for tissue regeneration, wound healing and embryo development as well as playing role in pathological states such as arthritis, atherosclerosis and autoimmune skin diseases. Besides there are some evidence that MMPs are essential in various steps of cancer development by regulating cell proliferation, apoptosis, angiogenesis and immunosurveillance (Egeblad and Werb, 2002; Decock et al., 2008) . MMP2 degrades some bioactive molecules like gelatin, type 4 collagen, growth factor receptor, and growth factor binding proteins. It is overexpressed in many cancers like gastric, lung, prostate, ovary, esophagus, oral and bladder cancers (Yu et al., 2004; Wu et al., 2007) . While MMP9 expressed in low levels in physiological conditions, it increases dramatically in various neoplasms like oral, esophagus, breast, renal, colorectal cancers and melanomas (Wang et al., 2005; Awakura et al., 2006; Vairaktaris et al., 2008) .
Normal physiological process of hematopoiesis and proliferation, differentiation and migration of hematopoietic stem cells are regulated by complex relations between bone marrow microenvironment, cytokines and extracellular matrix molecules. In recent studies it has been shown that MMPs had important role in development of hematologic malignancies. Most of the studies focus on role of gelatinases in leukemia (Yu and Han, 2006) . In normal bone marrow, while MMP2 and 9 are available in myeloid cells and megakaryocytes, MMP2 has been shown erythroblasts too (Ogawa et al., 2000) . In long-term cultures of bone marrows of normal donors, decresed expression of proMMP 9 and increased expression of proMMP2 was indicated (Marquez-Curtis et al., 2001) . MMPs are related with thrombopoiesis. Stromal cell-derived factor 1(sdf-1) regulates the transendothelial migration of megakaryocytes and there are studies reporting that they enhance platelet production by stimulating MMP9 expression in mature megakaryocytes (Lane et al., 2000; Majka et al., 2000) . Buggins et al. (2011) remarked that serum MMP9 levels may be useful in predicting prognosis and clinical outcomes of CLL patients in early periods. Travaglino et al. (2008) reported abnormal expression of MMP2 and MMP9 in myelodysplastic syndrome (MDS) and acute myeloid leukemia (AML) patients. Kuittinen et al. (2001) found prominent difference in expression of MMP2 and MMP9 of pediatric and adult acute lymphoblastic leukemia (ALL) patients. While blast cells were dyed positively for MMP2 in 65% of adult ALL group, this rate was 25% for MMP9. Positivity ratio in pediatric group for both antibodies was 12.7%. MMP2 expression was found to be related with extramedullary disease pattern in adult ALL patients. In the same study survival rates of adult ALL cases with MMP 9 positive blasts were found to be low, whereas there was not any relationship between survival and MMP expression in pediatric ALL patients. Yu et al. (2004) associated CC genotype of MMP2 gene -735 C/T polymorphism with increased MMP2 expression, increased esophagus cancer risk and metastasis risk for the first time. Yari et al. (2014) indicated that the C allele of MMP-2 C-735T polymorphism is associated with increased risk of breast cancer. Srivastava et al. (2013) indicated a significant risk for bladder cancers when TT genotype is combined with heterozygous CT genotype for MMP2 gene -735 C/T polymorphism. Zhou et al. (2005) found that CC genotype of MMP2 gene -735 C/T polymorphism is associated with lung cancer development. Guo et al. (2012) found that MMP2 gene-735 C/T polymorphism influence susceptibility to lung cancer in Asians. Park et al. (2011) did not find significant differences between colorectal cancer patients and control group for MMP2 gene-735 C/T polymorphism. Hu et al. (2013) could not show a significant association between lung cancer development and MMP2 gene-735 C/T polymorphism in a meta-analysis comprising 3 studies. In our study, the results were similar between patient group (ET+PV) and control group regarding genotype distribution and allele frequency of MMP2 gene-735 C/T polymorphism. Li et al. (2013) reported that increased expression of MMP-9 was associated with poor prognosis in ovarian cancer patients. indicated that a C-T substitution prevented nuclear proteins to bind on promoter region of MMP9 gene thus leading to increased transcriptional activity of macrophages. Cancer and MMP9 -1562 C/T polymorphism relationship was investigated most frequently and different relationships in different cancers were observed for both alleles. Sfar et al. (2007) remarked that C allele was related to decreased prostate cancer risk while T allele increased prostate cancer risk 3 times. Rollin et al. (2007) showed that C allele was associated with increased risk for squamous cell carcinoma of the lung. Sugimoto et al. (2006) associated C allele with endometrial carcinoma risk while Woo et al. (2007) correlated it with colorectal cancer risk. Yang et al. (2014) did not detect any relationship between MMP9 -1562 C/T polymorphism and risk of gastric cancer in a meta-analysis comprising 4 studies. Langers et al. (2008) did not detect any relationship between MMP9 -1562 C/T polymorphism and colorectal cancer while Wang et al. (2005) did not correlate it with non-small cell lung cancer and Li et al. (2006) did not find any relationship with ovary cancer. In our study genotype distribution and allele frequencies of MMP9 -1562 C/T polymorphism were similar between patient (ET + PV) and control groups.
Table 4. Comperative results of Genotype Distribution and Allele Frequency of MMP2 -735 C/T and MMP9 -1562 C/T Gene Polymorphism in Patients Group with and without Vascular Events and with and without Hypertension
In our study we observed a borderline significant relationship between CC genotype of MMP9 gene -1562 C/T polymorphism and PV development risk, that this results are partially compatible with the studies mentioned above may indicate that CC genotype would have a relationship with myeloproliferative diseases. Later on, studies about MMP2 gene -735 C/T and MMP9 gene-1562 C/T polymorphisms on larger patient groups would yield more accurate results for myeloproliferative diseases and effect of MMP9 -1562 C/T polymorphism on erythroblasts. The different results regarding MMP2 gene -735 C/T and MMP9 -1562 C/T polymorphisms and cancer development risks may be derived from ethnical heterogeneity, study design differences, features of the patients included, gene-gene and gene-environment interactions. Besides, these results indicate that different genotypes of MMP2 -735 C/T and MMP9 -1562 C/T polymorphisms may act differently in different tissues of various malignant diseases.
Thrombotic events for both arterial and venous system are seen in 30-50% of PV and ET patients and accounts for 35-45% of deaths (Gruppo Italiano Studio Policitemia, 1995; Besses et al., 1999; Marchioli et al., 2005) . In our study, nearly one third of patients with ET and PV had vascular event history. There are some studies reporting age, previous vascular event history, hypertension, hyperlipidemia, presence of JAK2V617F mutation and leukocytosis to be risk factors for thrombosis in ET and PV patients. Mehtap et al. (2012) reported that older age and leukocytosis were risk factors for vascular events in ET and PV patients. In our study we did not detect any differences except dyslipidemia in clinical and laboratory features of patients with ET and PV having vascular event history or not. Coexisting dyslipidemia has been found to be a risk factor for vascular events in ET and PV patients in our study. reported that T allele of MMP9 gene -1562 C/T polymorphism was associated with two times higher promoter activity and that the patients carrying T alelle had greater risk for severe cardiac atherosclerosis. Wang et al. (2001) detected higher frequency of T allele carriers in three-vessel disease patients. Malaponte et al. (2013) reported that CC genotype of MMP9 gene -1562 C/T polymorphism to be related with deep vein thrombosis in cancer patients. Szczudlik and Borratynska, (2010) found no association between -1562 C/T MMP-9 polymorphism and ischaemic stroke, subarachnoid haemorrhage or spontaneous intracerebral haemorrhage in the studied Polish population. Vasku et al. (2004) did not detect a relationship between MMP2 gene -735 C/T polymorphism and three-vessel disease. That ET and PV patients with and without vascular event history had similar results with the control group regarding genotype distribution and allele frequencies of MMP2 -735 C/T and MMP9 -1562 C/T polymorphisms in our study, supports that these polymorphisms and thrombosis risk are not related to each other. Palei et al. (2012) reported that T allele of MMP9 -1562 C/T polymorphism was associated with gestational hypertension. Bayramoglu et al. (2013) did not observe a relationship between essential hypertension and 1562 polymorphism. Lacchini et al. (2012) found genotype distribution and allele frequencies of MMP2 gene -735 C/T polymorphism to be similar between hypertensive individuals and healthy controls. In our study genotype distribution and allele frequencies of MMP9 -1562 C/T polymorphism was similar between ET and PV patients with and without hypertension, also T allele of MMP2 gene -735 C/T polymorphism creates a tendecy towards hypertension in ET and PV patients.
In conclusion, this study revealed findings indicating that CC genotype of MMP9 gene -1562 C/T polymorphism may be a risk factor for PV development while T allele of MMP2 gene -735 C/T polymorphism may be a risk factor for hypertension in ET and PV patients. Future studies with larger patient groups will prove more accurate information for establishing a connection between these polymorphisms and myeloproliferative disease and hypertension risk.
